Background--Data are limited regarding long-term outcomes in patients with ST-segment-elevation myocardial infarction and multivessel disease presenting with cardiogenic shock according to revascularization strategy. We sought to compare the 3-year clinical outcomes of patients with ST-segment-elevation myocardial infarction multivessel disease with cardiogenic shock and patients with multivessel percutaneous coronary intervention (PCI) and infarct-related artery (IRA)-only PCI.
A bout 5% to 10% of patients with ST-segment-elevation myocardial infarction (STEMI) present with cardiogenic shock and the mortality rate of this population is high. 1 Considering that up to 80% of patients with cardiogenic shock are known to have multivessel disease, 2 it is important to determine an appropriate revascularization strategy for concomitant non-infarct-related artery (IRA) lesions. European Society of Cardiology guidelines for STEMI have recommended consideration of non-IRA percutaneous coronary intervention (PCI) during the index procedure in patients with cardiogenic shock as a class IIa recommendation based on expert opinion. 3 However, the recent CULPRIT-SHOCK (Culprit Lesion Only PCI Versus Multivessel PCI in Cardiogenic Shock) trial, the only relevant randomized study on this issue, reported that immediate multivessel PCI increased the risk of 30-day all-cause death and new renal replacement therapy compared with IRA-only PCI. 4 This result contributed to the downgrade of routine revascularization of non-IRA lesions during primary PCI in patients with myocardial infarction (MI) and cardiogenic shock to class III in the most recent European guideline. 5 However, our group previously reported that the risk of allcause death at 1 year was significantly lower after multivessel PCI than IRA-only PCI using data from the KAMIR-NIH (Korea Acute Myocardial Infarction Registry--National Institutes of Health) registry. 6 Moreover, difference in mortality according to revascularization strategy disappeared and the risk of rehospitalization for heart failure and repeat revascularization was significantly lower with multivessel PCI than with culprit lesion-only PCI at 1-year follow-up of the CULPRIT-SHOCK trial. 7 These results emphasize the need for data on long-term clinical outcomes beyond 1 year to clarify appropriate revascularization strategy for non-IRA lesions in patients with STEMI complicated with cardiogenic shock. Therefore, we sought to compare clinical outcomes at 3 years after multivessel PCI versus IRA-only PCI in patients with STEMI who have cardiogenic shock and multivessel disease.
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request.
Study Population
We used data from the multicenter, prospective KAMIR-NIH registry, which is a dedicated registry that enrolled consecutive patients with acute MI from 20 nationwide tertiary centers eligible for primary PCI from November 2011 to December 2015, without applying any criteria for exclusion. Detailed study protocols have been published elsewhere. 6, 8 The process of patient selection and the definition of STEMI, multivessel disease, and cardiogenic shock were presented in our previously published article 6 as well as in Data S1. In brief, we selected patients with STEMI who had multivessel disease who also presented with cardiogenic shock and underwent primary PCI. Presence of multivessel disease was defined as having additional ≥50% diameter stenosis in at least 1 major non-IRA or in the left main coronary artery. Cardiogenic shock was defined as systolic blood pressure <90 mm Hg for >30 minutes or the need for supportive management to maintain systolic blood pressure >90 mm Hg, clinical signs of pulmonary congestion, and evidence of impaired end-organ perfusion with at least 1 of the following: cool extremities, decreased urine output, increased lactic acid level, or altered mental status. 9 Complete revascularization was defined as revascularization for any lesion with a diameter stenosis ≥50% in any epicardial coronary artery with a reference vessel diameter ≥2.0 mm by visual estimation.
We excluded patients with a diagnosis of non-STsegment-elevation myocardial infarction (NSTEMI) and those who arrived after >12 hours from onset of symptom, did not
Clinical Perspective
What Is New?
• In patients with ST-segment-elevation myocardial infarction multivessel disease complicated with cardiogenic shock, multivessel percutaneous coronary intervention (PCI) was associated with a lower risk of all-cause death, myocardial infarction, and non-infarct-related artery repeat revascularization at 3 years than infarct-related artery-only PCI. • The 1-year landmark analysis showed that there was significantly lower risk of delayed adverse events in patients with multivessel PCI than in an infarct-related artery-only group for recurrent myocardial infarction and non-infarctrelated artery repeat revascularization. • In the multivessel PCI group, patients who underwent complete revascularization presented the most favorable prognosis at 3 years; however, patients who ended with incomplete revascularization showed similar risk of 3-year all-cause death and patient-oriented composite outcome with the infarct-related artery-only PCI group.
What Are the Clinical Implications?
• The results of this study support the long-term benefit of multivessel PCI in patients with ST-segment-elevation myocardial infarction with multivessel coronary artery disease who progressed to cardiogenic shock. • In patients with ST-segment-elevation myocardial infarction with cardiogenic shock, achieving complete revascularization may be more important than the issue of timing of noninfarct-related artery PCI in terms of long-term outcomes.
present with cardiogenic shock, underwent thrombolysis before PCI, had single-vessel disease, underwent suboptimal or failed PCI for IRA, or were lost to follow-up before 1 year. A total of 659 patients were selected and classified into the multivessel PCI or IRA-only PCI group (Figure 1 ). We defined the multivessel PCI group as patients who underwent immediate non-IRA PCI during the primary PCI or staged non-IRA PCI within the index hospitalization. The individual ethics committee at each participating center approved the protocol of the KAMIR-NIH registry. The present study was conducted according to the principles of the Declaration of Helsinki. All enrolled patients provided written informed consent. In cases of patients being unable to consent because of clinical status, a relative was informed and could provide consent on behalf of that patient.
Patient Treatment and Data Management
Patient treatment was performed according to current standard practice. The choice of treatment strategy; type, diameter, and length of stents; and use of medications, intravascular imaging devices, thrombus aspiration, or hemodynamic support devices were left to operator discretion.
After PCI, all patients were recommended to take aspirin indefinitely plus clopidogrel or a potent P2Y12 inhibitor, such as prasugrel or ticagrelor, for at least 1 year.
Demographic features and cardiovascular risk factors were collected by patient interviews or review of medical records. During hospitalization, findings of coronary angiography and detailed procedural characteristics of PCI as well as information on discharge medications were collected. Attending physicians followed patients at 6, 12, 24, and 36 months after discharge. The data were completed by telephone interview if patients did not visit on their scheduled day of follow-up. Using a web-based case report form in the internet-based Clinical Research and Trial management system (iCReaT), independent clinical research coordinators collected all baseline data and clinical events up to 3 years of follow-up.
Study End Points
The primary outcome was all-cause death, and the secondary end point was all-cause death or recurrent MI at 3 years. Secondary end points also included cardiac death, non-IRA repeat revascularization, any repeat revascularization, definite or probable stent thrombosis, and patient-oriented composite outcome (a composite of all-cause death, any MI, or any repeat revascularization) at 3 years. All deaths were considered cardiac unless an undisputed noncardiac cause was present. Recurrent MI was defined as the recurrence of symptoms or the presence of ECG changes in association with a rise in cardiac biomarker levels above the upper limit of normal, and periprocedural MI was not included as a clinical outcome. Clinically driven revascularization that occurred after discharge from the index hospitalization was coded as a repeat revascularization event, and any planned revascularization was not considered as a clinical event. All end points were defined according to the definitions of the Academic Research Consortium. 10, 11 All clinical events were evaluated by an independent event adjudicating committee. The definition of study end points and the process of event adjudication are described in the previous publication of KAMIR-NIH investigators. 8 
Statistical Analysis
Details of the statistical analysis are presented in Data S1. Categorical variables were presented as numbers and relative frequencies (percentages) and were compared using chi-square test. Continuous variables were expressed as meanAESD or median (quartile 1-quartile 3), according to whether they were normally distributed, and were compared using the independent sample t test or Mann-Whitney test, as appropriate. Cumulative incidence of events at 3 years was calculated based on Kaplan-Meier censoring estimates, and comparison of clinical outcomes between the multivessel PCI and IRA-only PCI groups was performed with the log-rank test. For the landmark analysis, patients at risk were reset to those who were free from events at the beginning of the landmark time point, which was 1 year after the index procedure in this analysis.
Sensitivity analyses were performed to adjust for confounding factors. First, a multivariable Cox regression model was used. Covariates included in the multivariable model were selected if they were significantly different between the 2 groups or had predictive values, which are listed in Data S1. The assumption of proportionality was assessed graphically by the log-minus-log plot, and Cox proportional hazard models for all clinical outcomes satisfied the proportional hazards assumption. For the landmark analysis, a Cox proportional hazard model with the assumption of piecewise proportionality according to the landmark time point was used.
Second, the propensity score-matched and inverse probability-weighted (IPW) Cox proportional hazard regression were performed. All available covariates were included in the logistic regression model to generate propensity scores, precisely following the recommendations of analysis using propensity score. 12 For the propensity score matching, a 1:1 matching process without replacements was performed by a greedy algorithm with a caliper width of 0.4 SDs, yielding 233 patients in the multivessel PCI group matched with 233 controls in the IRA-only PCI group. For the IPW adjustment, inverse of propensity score was adjusted in Cox proportional hazard regression model. Balance between the 2 groups after propensity score matching or IPW adjustment was assessed by percent standardized mean differences of all covariates. Percent standardized mean differences after propensity score matching or IPW adjustment were within AE10% across all matched covariates, demonstrating successful balance achievement between comparative groups (Table S1) .
We established a multivariable Cox proportional hazard model to identify independent predictors of 3-year all-cause death and all-cause death or MI. C-statistics with 95% CIs were calculated to validate the discriminant function of the model. Comparison of the primary outcome according to the various exploratory subgroups was followed. In all analysis, the participating centers were included as random effects. All probability values were 2-sided and P values <0.05 were considered statistically significant.
Results

Baseline Characteristics
We analyzed the 3-year clinical outcomes of 659 patients with STEMI who had cardiogenic shock and concomitant non-IRA stenosis according to the PCI strategy (260 received multivessel PCI and 399 IRA-only PCI). Follow-up to 3 years was completed in 98.9% of the total patients with a median followup duration of 1066 days. Baseline clinical, lesion, and procedural profiles are described in Tables 1 and 2. One third of the patients with STEMI who had multivessel disease with cardiogenic shock experienced cardiac arrest at the visit, and the proportion of the left main artery as a culprit vessel was about 10%. Second-generation drug-eluting stents were implanted in 87.9% of patients, and 26.7% received at least 1 type of hemodynamic support including intra-aortic balloon pump or percutaneous cardiopulmonary support. Of patients in the multivessel PCI group, 157 patients (60.4%) underwent non-IRA PCI immediately after primary PCI during the index procedure, and 103 (39.6%) did staged non-IRA PCI during the index hospitalization. Complete revascularization was achieved in 171 patients (65.8%).
Comparison of 3-Year Outcomes According to Treatment Strategy
At 3 years, the risk of all-cause death was significantly lower in the multivessel PCI group than in the IRA-only PCI group (24.3% versus 37.7%) (adjusted hazard ratio, 0.65; 95% CI, 0.45-0.94 [P=0.024]). All-cause death or MI and patient-oriented composite outcome also occurred less frequently with multivessel PCI than with IRA-only PCI (24.4% versus 40.3%) (adjusted hazard ratio, 0.59; 95% CI, 0.41-0.84 [P=0.004]) and 31.8% versus 50.8% (adjusted hazard ratio, 0.57; 95% CI, 0.44-0.73 [P<0.004]), respectively ( Figure 2 ).
In addition to the composite end point, multivessel PCI was favored in most of the secondary end points such as cardiac death, recurrent MI, or any or non-IRA repeat (Table 3) . Consistent results were found in sensitivity analyses including multivariable Cox regression, propensity score matching, and IPW analysis. In the landmark analysis at 1 year, the risk of all-cause death tended to be lower with multivessel PCI than IRA-only PCI, yet statistical significance was not achieved. The risk of allcause death or MI, recurrent MI, and non-IRA repeat revascularization beyond 1 year were significantly lower in the multivessel PCI group than in the IRA-only PCI group (Figure 3 ). In analysis according to the completeness of revascularization after multivessel PCI, the incomplete multivessel PCI group showed a "catch-up" phenomenon in both all-cause death and all-cause death or MI, while those achieving complete revascularization had sustained benefit in all-cause death and all-cause death or MI without any catch-up phenomenon until 3 years ( Figure S1 ). In an exploratory subgroup analysis, there was no significant interaction across various subgroups, and consistent trends favoring multivessel PCI in terms of all-cause death than IRA-only PCI were observed in all subgroups ( Figure S2 ).
Independent Predictors of All-Cause Death and All-Cause Death or MI
A multivariable Cox proportional hazards model showed that multivessel PCI was a significant and negative independent predictor of all-cause death (hazard ratio, 0.555; 95% CI, 0.415-0.741 [P<0.001]) and all-cause death or MI (hazard ratio, 0.522; 95% CI, 0.392-0.694 [P<0.001]) at 3 years. Age, chronic kidney disease, diabetes mellitus, left main or left anterior descending artery as a culprit vessel, presence of left main disease, and 3-vessel disease were identified as independent predictors of all-cause death and all-cause death or MI (Table 4 ).
Discussion
The current study compared 3-year clinical outcomes after multivessel PCI versus IRA-only PCI among patients with STEMI multivessel disease complicated with cardiogenic shock. The main findings are as follows. First, the risk of all-cause death was significantly lower in the multivessel PCI group than in the IRA-only PCI group at 3 years, which was consistent in various sensitivity analyses with confounder adjustment. In addition, the risk of recurrent MI and non-IRA repeat revascularization was also significantly lower with multivessel PCI than with IRAonly PCI. Second, landmark analysis at 1 year showed that there was significantly lower risk of delayed adverse events in the multivessel PCI group than in the IRA-only PCI group in terms of recurrent MI and non-IRA repeat revascularization. Third, among patients in the multivessel PCI group, those undergoing complete revascularization had the most favorable prognosis at 3 years; however, those with incomplete revascularization showed late catch-up phenomenon and similar risk of all-cause death compared with the IRA-only PCI group. Fourth, an exploratory subgroup analysis showed consistent trends favoring multivessel PCI regarding all-cause death compared with IRA-only PCI.
Current Evidence and Need for Long-Term Data
In patients with STEMI who have cardiogenic shock, multivessel disease is common and is well known to have a detrimental impact on short-and long-term prognosis. 2 Infarction in Patients With Multivessel Coronary Disease) trials demonstrated a significant benefit of multivessel PCI in hemodynamically stable patients with STEMI and multivessel disease. [13] [14] [15] [16] However, these trials excluded patients with cardiogenic shock, and evidence from observational studies was also scarce. In the case of cardiogenic shock, controversy exists regarding the risks/benefits of multivessel PCI, such as concerns about possible procedure-related complications or contrast-induced nephropathy versus expectations for physiologic benefit through myocardial perfusion and recovery. 17, 18 In this context, the randomized CULPRIT-SHOCK trial was conducted, which reported that the risk of 30-day all-cause death or new renal replacement therapy was higher in the immediate multivessel PCI group than in the IRA-only PCI group. 4 Similarly, the BCCR (British Columbia Cardiac Registry) investigators recently reported that IRA-only PCI was associated with lower mortality in patients with acute MI who had cardiogenic shock, particularly in the STEMI subgroup. 19 Based primarily on the 30-day results from the CULPRIT-SHOCK trial, the latest update of the European guideline downgraded the immediate multivessel PCI for patients with acute MI multivessel disease with cardiogenic shock to a class III recommendation. 5 However, a subsequent 1-year report of the CULPRIT-SHOCK trial showed slightly different results from the 30-day results, and encouraged us to reconsider the possibility of long-term benefit of multivessel PCI in these patients. At 1-year follow-up, the difference in the primary end point (all-cause death and new renal replacement therapy) between the 2 groups lost its statistical significance, while the rate of rehospitalization for heart failure and repeat revascularization was significantly lower in the multivessel PCI group. 7 Moreover, previous 1-year results from the KAMIR-NIH registry presented a significantly lower risk of all-cause death and patient-oriented composite outcome in the multivessel PCI group compared with the IRA-only PCI group. 6 This result indirectly supports the possibility of longterm benefits of multivessel PCI to maximize left ventricular function recovery and to minimize the risk of future repeat revascularization. However, to date, there has been no evidence presenting long-term outcomes of patients with STEMI multivessel disease complicated with cardiogenic shock, according to treatment strategy. In this regard, we sought to analyze 3-year clinical outcomes of the KAMIR-NIH registry, a largescale data set that exclusively analyzed patients with STEMI who had cardiogenic shock and concurrent multivessel disease.
Results
Long-Term Prognosis of Multivessel PCI in Patients With Multivessel Disease and Cardiogenic Shock
In the present study, the risk of all-cause death at 3 years after the index hospitalization was significantly lower in the 
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The cumulative incidence of clinical outcomes is presented as Kaplan-Meier estimates during a median follow-up of 1066.0 days. The numbers in parentheses in the columns of 2 groups indicate the number of patients with specific events. Multivariable Cox proportional hazard regression model, propensity score-matched cohort, and inverse probability of treatment weighting method were used to adjust for baseline differences between comparative groups. Covariates included in the multivariable model are type of treatment strategy, participating center, age older than 65 years, sex, Killip class at initial presentation, symptom onset-to-balloon time, door-to-balloon time, diabetes mellitus, dyslipidemia, chronic kidney disease, history of myocardial infarction (MI), history of cerebrovascular accident, current smoking, left ventricular dysfunction with ejection fraction multivessel PCI group than the IRA-only PCI group. Although it is difficult to explain the exact mechanism, revascularization for non-IRA might prevent recurrent MI and, in turn, reduce mortality. Landmark analysis at 1 year showed that the risk of recurrent MI was significantly lower in the multivessel PCI group than the IRA-only PCI group. In addition, when comparing 3-year clinical outcomes among IRA-only PCI, multivessel PCI with incomplete revascularization, and multivessel PCI with complete revascularization, patients achieving complete revascularization showed the most favorable prognosis, while those with incomplete revascularization had risk of all-cause death and all-cause death or MI similar to the IRAonly PCI group. These results are in line with the previous PROSPECT (Providing Regional Observations to Study Predictors of Events in the Coronary Tree: An Imaging Study in Patients With Unstable Atherosclerotic Lesions) trial, which showed more than half of clinical events in patients with acute coronary syndrome were related with non-IRA stenosis. 20 The above results imply that multivessel PCI might be associated with lower risk of future adverse events than IRA-only PCI. Furthermore, the above results might be intuitive, considering the results from previous trials that demonstrated consistent benefit of multivessel PCI compared with IRA-only PCI in hemodynamically stable patients with STEMI. [13] [14] [15] [16] It should be noted that there are some differences in study protocols and the definition of comparative groups, which may explain the discrepancies between the current results and those from the CULPRIT-SHOCK trial or the BCCR. 4, 7, 19 First, the CULPRIT-SHOCK trial and the BCCR registry analyzed both patients with STEMI and NSTEMI, not exclusively patients with STEMI. Second, in the CULPRT-SHOCK trial, the immediate multivessel PCI was mandated even for the chronic total occlusion in non-IRA, which accounted for 25% of the study population. Third, in the CULPRIT-SHOCK trial, staged non-IRA PCI was strongly recommended in the IRA-only PCI group, and %30% of the IRA-only PCI group was treated with the multivessel PCI strategy. Conversely, the multivessel PCI group used in the present study included both immediate or staged non-IRA PCI within the same admission period. All previous trials, except the CULPRIT-SHOCK trial, classified staged non-IRA PCI as multivessel PCI or complete revascularization. [13] [14] [15] [16] 
Study Limitations
There are some limitations to be discussed. First, we could not prove causality because of the observational nature of the registry data. Second, although confounding factors were thoroughly adjusted by various statistical methods, it was impossible to exclude the effects of unmeasured confounders, such as experience in patient management or procedure volume of participating centers. Third, the KAMIR-NIH registry was a clinical database that was not supplemented or linked by administrative data. Fourth, in consideration of possible uncontrolled bias in the decision of staged non-IRA revascularization, the prognosis of multivessel PCI by the timing of PCI could not be analyzed. However, it should be noted that timing of non-IRA PCI might be a clinical decision according to patient status, and therefore one uniform recommendation cannot be made considering diverse clinical situations. Fifth, outcomes such as recovery of left ventricular function, procedural complications, and long-term change of renal function were not included in the follow-up protocol. Finally, there was a lack of information regarding the type or dose of contrast agents and the procedure times.
Conclusions
In patients with STEMI multivessel disease complicated with cardiogenic shock, multivessel PCI was associated with a lower risk of all-cause death, recurrent MI, and non-IRA repeat revascularization at 3 years than IRA-only PCI. The multivessel PCI group showed a lower risk of recurrent MI and non-IRA repeat revascularization beyond 1 year compared with the IRAonly PCI group. The current results support that multivessel PCI in patients with STEMI who have multivessel disease and complicated with cardiogenic shock might be associated with lower risk of future adverse events than IRA-only PCI. A multivariable logistic regression model was used to generate propensity-scores which indicate the probability that one would be treated by multivessel PCI strategy. All the available covariates were included to this model, precisely following the recommendations of analysis using propensity-score (1) . For the propensity-score matching, a 1:1 matching process without replacements was performed by a greedy algorithm with a caliper width of 0.4 standard deviations, yielding 233 patients in the multivessel PCI group matched with 233 controls in the IRA-only PCI group. For the IPW adjustment, inverse of propensity score was adjusted proportional hazard regression model. Balance between the 2 groups after propensity-score matching or IPW adjustment was assessed by calculating percent standardized mean differences of covariates used in propensity-score generation. Percent standardized mean differences after propensity-score matching or IPW adjustment were within ±10% across all matched covariates, demonstrating successful balance achievement between comparative groups (Table S1) .
Sources of Funding
To identify independent predictors of all-cause death and POCO, we used multivariable Cox proportional hazard model. C-statistics with 95% confidence intervals (CI)
were calculated to validate the discriminant function of the model. In addition, comparisons of the primary outcome between multivessel PCI and IRA-only PCI groups according to the exploratory subgroups of interest were followed, and the interaction between treatment effect and these covariates was assessed with Cox regression model. In all the analysis, the participating centers were included as random effects. All probability values were two-sided and p values <0.05 were considered statistically significant. The statistical packages SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) were used for analyses. 
